Interleukin-1 (IL-1) is a pleiotropic cytokine that may play a role in contributing to the specific immune environment of mammalian testis and in regulating cell differentiation. We have determined the transcription activity of the IL-1 gene family (using real-time polymerase chain reaction (PCR)) in two main functional testicular compartments (interstitial and intratubular ones), and in tissue homogenates obtained from patients with fertility disorders (spermatogenic arrest and testicular tumors). We observed the prominent expression of gene coding for IL-1 receptor antagonist (IL-1RA) in a purified fraction of gametogenic cells (normal gonad). Caspase-1 (ICE -IL-1b-converting enzyme) was highly expressed (on mRNA level) in interstitial compartments as well in testicular tumors (immune enhancement?). In addition we found, that the activity of IL-1RA gene decreased along spermatogenic alteration in an inversely related manner with IL-1a (from normal gonad through spermatogenic arrest to Sertoli cell only syndrome). Therefore, the quotient value of IL-1a/IL-1RA could potentially serve as the diagnostic molecular probe for spermatogenesis assessment. The precise level of mRNA for IL-1-IL-18 cytokines and their receptors, and specifically of the receptor antagonist in immune privileged gonad, could be one of the main factors responsible for maintaining testicular homeostasis, thus enabling generation of the mature spermatozoa.
Introduction
Spermatogenesis is a dynamic process containing mitotic cell divisions (spermatogonial stem cells), meiosis (spermatocytes) and mature sperm formation (spermiogenesis). Homeostasis in the seminiferous epithelium requires a permanent balance between cell proliferation and apoptosis. The altered equilibrium between these two processes could lead to testicular pathologies such as fertility disorder or cancerogenesis.
1 Testicular homeostasis requires a unique immune status within the male gonad. The immune system provides protection for immunogenic male germ cells and simultaneously permits normal inflammatory response against invading pathogens.
2 Proinflammatory cytokines must be tightly regulated in order to prevent autoimmune orchitis. The cytokine network in the testis also works as the cell growth and differentiation promoting system that helps to coordinate multifactorial interaction during steroidoand spermatogenesis. 3 Interleukin-1 (IL-1) family members are known to be involved in host response to inflammatory or immunological reactions, and its biological activities are precisely regulated. The IL-1 family comprises several ligands (two agonists -IL-1a and IL-1b, and receptor antagonist -IL-1RA), and surface or soluble receptors: IL-1RI, IL-1RII and IL-RAcP. IL-1 signaling is based on a ligand binding to IL-1RI and, subsequently, IL-1RAcP coupling to the complex. This results in signal transduction through the intracellular protein cascade. [4] [5] [6] The IL-18 is closely related to the IL-1 superfamily, including its receptor structure (IL-18Ra and IL-18Rb) and signal transduction pathway. Both proIL-1b and proIL-18 require caspase-1 (ICE -IL-1b-converting enzyme) for their cleavage into the active molecules. Caspase-1 is the cysteine protease, homologous to ced-3 gene (Caenohabditis elegans) -the central component of apoptotic machinery. 7 Both IL-1b and IL-1a are processed and released during apoptosis but only the alpha form is a potent inducer of malignant cell death. 8 Besides being the best-known key regulator of inflammatory reaction, the IL-1 system modulates the expression of genes involved in cell survival, proliferation and angiogenesis. Several studies demonstrated in vivo and in vitro ability of IL-1 to regulate a variety of tumor cell function. IL-1 is also the major cytokine involved in carcinogenesis, angiogenesis and metastasis. 9 The male gonad is an abundant source of bioactive IL-1. Numerous studies have shown that IL-1a is produced mainly by seminiferous epithelium, where it has been reported as a potent growth factor for immature Sertoli cells and also for spermatogonia. 10, 11 Further studies have revealed at least three bioactive isoforms of IL-1a in the mammalian testis. 12 On the other hand, IL-1b is mainly expressed in interstitial tissue, where it was shown to affect steroidogenesis. However, in several studies where the effect of IL-1b in the interstitium was investigated, some discrepancies were noted. Prevailing observations suggest that IL-1 inhibits both basal and LH/hCG-stimulated testosterone production, and stimulates immature Lydig cell proliferation in in vitro culture. 13 In this study, we examined, by using a real-time PCR, the expression profile of the IL-1 gene superfamily in normal and impaired spermatogenesis, including testicular malignancies, to define whether cytokine gene expression levels differ in various pathophysiological conditions and to establish possible correlations.
Results

Testicular cells and tissues
During two-step collagenase digestion with mechanical agitation, heterogeneous suspensions of testicular cells were obtained. Further purification process, that was based on Percoll discontinuous gradient centrifugation technique, allowed cell fractions of satisfying purity to be obtained. Histological staining confirmed the identity and homogeneity of obtained cell fractions, that is, 99-100% of Leydig cells in the interstitial fraction (I) and 98% of gametogenic cells in the intratubular one (G). The purified gametogenic cell fraction contained mainly spermatocytes and round spermatids (RS). Table 1 summarizes the histopathological classification and number of collected cell/tissue samples.
Real-time PCR
Both isolation methods yielded comparable RNA samples in quality and amount. Samples in were validated and subjected to quantification assays when the b-actin gene expression was over 10 5 copies in the investigated sample.
We have examined the following IL-1 superfamily gene members: IL-1a, IL-1b, IL-1RA, IL-1RI, IL-1RII, IL-18, IL-18Ra and IL-18Rb (primers listed in Table 2 ) in interstitial and intratubular cell fractions or in tissue oligobiopsies obtained from azoospermic as well as cancer patients. Peripheral blood mononuclear leucocytes isolated from healthy volunteers served as systemic controls.
Evaluation of the expression of the listed genes was achieved by real-time quantitative PCR kinetics using SybrGreen I chemistry. Verification of the accuracy of performed amplifications was carried out by analyzing the product melting curve and by using classical agarose gel electrophoresis. All the quantification results obtained were subsequently normalized according to the b-actin gene reference. Thus, among the collected samples (n ¼ 95), only 75 were included for further analysis on the basis of b-actin gene expression (410 5 copies/per sample was required).
Expression of all the genes under study was observed both in tissue samples or in isolated cell fractions; however, the pattern of expression was different in physiological and pathological testis. Observations indicated that IL-18 and its receptors were expressed on a lower level than the IL-1 gene members. Also, there was a tendency to overall weaker expression in the tissue of gonads with impaired spermatogenesis in comparison to normal or neoplastic testis.
Normal spermatogenesis
The real-time RT-PCR (Q-RT-PCR) analysis of cDNA samples obtained from testicular cell fractions revealed that there were two distinct expression patterns of IL-1 family genes in testicular compartments under study. A high expression of IL-1a gene was noted in the intratubular cell fraction (especially in the purified gametogenic cell suspensions) as compared with the extratubular compartment. One could concomitantly observe the intense expression of IL-1b in the Leydig cell fraction (interstitium), where a far less intense expression of IL-1a gene was found (Figure 1) . Testis appeared as a rich source of IL-1RA mRNA in both testicular compartments, although we observed a tendency toward higher expression of this gene in the intratubular compartment, especially in a purified gametogenic cells fraction. We also observed a tendency for the deteriorating transcription of caspase-1 gene beginning from the interstitium through the heterogeneous gametogenic cell suspensions as well as in the Interleukin-1 superfamily genes expression N Rozwadowska et al spermatocyte round spermatids cell fraction where such expression almost completely faded ( Figure 2) . A pattern similar to that of ICE expression in the case of IL-1RII receptor ( Figure 1 ). We also found that IL-18 expression was most eminent in the RS cell fraction than in other testicular cell types ( Figure 2 ). Gene expression from isolated testicular cells and mononuclear leucocytes (control) was corroborated ( Figures 1 and 2 ).
Testicular pathology
Quantitative specific mRNA (obstructive azoospermia) studies on tissue homogenates from testis with normal or impaired spermatogenesis or samples subjected to tumor overgrowth yielded interesting data. We found that a profile of IL-1 receptor antagonist gene expression was changed in parallel to the biopsies histopathology (Figure 3a -c).
For example, the analysis of mRNA quantity in tissue homogenates from the testis with maturation arrest (MA), Sertoli cell only syndrome (SCOS) and obstructive azoospermia showed an inversely related balance between IL-1a and IL-1RA (Figure 3e ). The oligobiopsies from SCOS patients showed exceptionally high expression for IL-1a in proportion to IL-1RA mRNA. The maturation block of spermatogenesis (azoospermia) was connected in more equal proportions between both these genes. When a spermatogenesis was close to normal (obstructive azoospermia), the expression pattern resembled the physiological status of testis (prevalence of IL-1RA mRNA over IL-1a). We next created a quotient value (Q IL-1/RA ) for the potentially predictive diagnostic tool. The Kruskal-Wallis test showed significant differences between Q IL-1/RA measured in pathological (MA (Po0.003) and SCOS (Po0.0003)) than in physiological conditions (OA) (Figure 3f and Table 3 ). 
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The oligobiopsies from testicular neoplastic tissues generally showed high expression of IL-1RA and IL-1RII genes (Figure 4a ). We also found relatively high amounts of caspase-1 mRNA in neoplastic tissue samples (Figure 4b ).
Discussion
While using the real-time PCR technique we have shown that the IL-1 genes system was fully expressed in human testis but the profile of this expression depended on the different cell fractions studied or certain defined testicular pathologies.
The constitutive expression of IL-1 molecules within the murine and/or human testis has been postulated since the early 1990s.
14,15 Production and secretion of bioactive IL-1 was not connected, however, with any signs of local inflammation. It seems that the role of the IL-1 gene system in testis and its paracrine influence is still far from our understanding. In our study, we have shown the intense expression of IL-1b gene in the interstitial cells (Figure 1 ), earlier observed in our previous work. 16 Numerous studies, reported an inhibitory role of IL-1 on testosterone production, whereas in another scenario this cytokine appeared as a growth factor for immature Leydig cells. 17 It was also shown that Leydig cells express both Fas and FasL without markers of visible apoptosis whereas the other groups demonstrated that FasL induced production and secretion of IL-1b. 18, 19 Therefore it cannot be ruled out that FasL presented on Leydig cells can be a potent activator of IL-1b gene. Immune cells have a strong impact on testicular function; above especially the testicular macro- Our study also demonstrated that the normal human male gonad can be a rich source not only for IL-1 mRNA (a and b) but also for the receptor antagonist (IL-1RA) (Figure 1 ) -the potent immunosuppressive protein that could be involved in immune privileged status the testis besides the high amounts of IL-1b transcripts. 21 The experiments originating from the group of Soder and co-workers indicated that the so-called testicular IL-1 was identical (in rats) with IL-1a and further analysis revealed its origin mostly to the intratubular compartment of the testis particularly connected to the Sertoli cells. 22 Our previous studies of the human gonad confirmed that the purified gametogenic cells can express the high levels of IL-1a. 23 Haugen et al.
24
additionally reported constitutive IL-1a expression in rat germ cells. Recent studies have focused on the role of IL-1a in seminiferous epithelium as a growth factor (i.e. factor stimulating dividing spermatogonia). The N-terminal piece of proIL-1a contains the nuclear localizing sequence (NLS) and is actively translocated to the nucleus. Muscle cell stably transfected with either IL-1a-(1-271) or IL-1a-(113-271) expression plasmids proliferated rapidly when compared to the non-transfected cells and displayed a distinct morphology. 25 Regardless of all the reports concerning the postulated role for IL-1a in mice, the lack of functional signaling receptor or cytokine itself did not impair their normal fertility and good testosterone levels. 26 Gene expression profiling of reproductive cells and tissues, and the molecular mechanisms underlying the male infertility or testicular tumor growth have been intensively pursued in recent years. 27 IL-1 is a pluripotent cytokine which is not only involved in immunological response and tumor growth but is also critical for spermatogenesis, namely for regulation of cell proliferation and apoptosis. 28 Expression of IL-1 gene family members in obstructive azoospermia (OA), owing to the ongoing spermatogenesis, served as a reference standard for non-obstructive azoospermia samples (spermatogenic arrest) and testicular tumor evaluation. The profile of gene expression in OA samples was distinctly different from the profiles found in MA and SCOS. According to our data, the expression of IL-1RA deteriorated in conjunction with severity of spermatogenetic impairment. MA samples showed intermediate levels of IL-1RA (Figure 3d ). Based on these results, we have proposed the determination of the quotient value (Q IL-1/RA ), which appeared to illustrate the studied gene expression proportion in MA and SCOS, thus enabling a molecular classification of spermatogenetic disorder (Figure 3f) .
The low levels of IL-1RA and the relatively high transcription of IL-1a in SCOS testicular tissue samples could be explained in several ways. The decreased level of IL-1RA could come from the intratubular compartment, where the lack of germ cells could be a reason for the lost balance in expression between these two IL-1 family members. On the other hand, one could not rule out that the observed tendency originated from other than only the intratubular cell compartment. For example, it could also depend on the expression in Leydig cells or testicular immune cells. The latter ones were found in large numbers in biopsies from infertile patients not only in the interstitium but also in the tubular wall and lumen. 29 One could not rule out that IL-1a/IL-1Ra imbalance in SCOS patients originated from Sertoli cells because IL-1a mRNA was found mainly in Sertoli cells. 11 The RNA obtained from SCOS biopsies could then be enriched with mRNA derived from Sertoli cells.
The role for the IL-1 gene family in tumorigenesis has also been intensively studied, and Voronov et al. 9 have reported that IL-1 is required for in vivo angiogenesis and invasion of tumor cells. The high level of this cytokine occurring in normal conditions in the male gonad could then be a predisposing factor for the early development of testicular cancer. High expression of IL-1 family genes (IL-1, IL-1RA and IL-1RII), present in a tumor microenvironment, could also participate in the secretion of numerous pro-tumorigenic proteins, similarly to breast cancer cells contributing to tumor cell proliferation and invasion. 30 Caspase-1 plays an important role in the apoptotic pathway of many cell types. In our experiments, the mRNA for this gene was (relatively) highly expressed in testicular tumor samples. Overexpression of this enzyme was previously found in numerous cancers but the postulated function of ICE was moderately connected only to certain malignancies. [31] [32] [33] On the other hand, high ICE expression augmented the apoptotic response of prostate tumor cells to irradiation. Surprisingly, it also correlated with proliferation markers such as cyclin-D expression. 
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Here, we report that all investigated human testis samples are the source of IL-18 mRNA. The role of this cytokine in human testicular physiology is unknown but Soder's group results suggest its host-protecting and growth-promoting function in the rat testis. 35 The origin of IL-18 in rat seminiferous tubules was rather restricted to spermatocytes and spermatids. 35 This phenomenon seems to be observed (at least at mRNA level) also in human testis.
We have herein shown that the IL-1 gene system is expressed throughout the male gonad and the profile of its expression can be a promising predictive marker of spermatogenetic impairment. Spermatogenesis is a complex process that is regulated by a variety of endocrine and auto/paracrine factors. Under pathological conditions, such as testicular infection, inflammation, MA or tumor development, the levels of cytokines in the male gonad can be severely affected, disrupting the sophisticated and precisely regulated gonadal homeostasis. Apart from the molecular predictive factor that can be calculated on the basis of IL-1a/IL-1RA proportion, the next question is of even greater importance. Can the altered proportion between these genes be reversed, and would it serve as a potentional cure for at least some types of azoospermia? This question needs to be answered immediately, especially as a good medical cure for the male factor of infertility is not known.
Materials and methods
The Local Ethical Committee (University Medical School of Poznan) has approved the protocols with application of human samples that were necessary to accomplish the planned project.
Human testicular cell preparation: fractionation and purification Human testicular tissue samples (n ¼ 10) were obtained from males who had undergone orchidectomy due to the prostatic cancer treatment. The presence of mature spermatozoa obtained from testicular tissue was accurately checked to confirm ongoing spermatogenesis. Principal cell fractions representing two main functional compartments of the male gonad were obtained using the methodology previously described by Janitz et al. 36 Briefly, enzymatic digestion was performed for 15 min at 331C with 0.1% collagenase type I (Sigma, St Louis, MO, USA) dissolved in Hank's balanced salt solution (HBSS) supplemented with 1 mg/ml DNase I, in order to separate all the interstitial cell types. After first digestion, seminiferous tubules were allowed to settle down, cut into 2 mm fragments and subjected to the second enzymatic treatment. After 15 min incubation, the supernatant containing cells and tissue debris was filtered through an 80 mm mesh. Almost completely dissociated intratubular cell aggregates and crude fractions of interstitial cells were next overlayered on discontinuous Percoll gradient (23, 45, 68 and 90%) . Pure testicular cell fractions (intratubular and interstitial ones) were collected from the formed interphases. Cells from an intratubular fraction were subjected to further purification applying a continuous Percoll gradient. Morphological identification fixed in 2.5% glutaraldehyde cells was carried out according to the standard histological staining (PAS-H).
Tissue biopsies Testicular samples were obtained from patients with azoospermia (n ¼ 45) who underwent testicular oligobiopsies as part of their infertility diagnosis. Histopathological analysis determined the classification of obtained tissue samples into -obstructive azoospermia (OA)and non-obstructive azoospermia (NOA). OA tissue samples were histologically normal whereas NOA biopsies showed a different degree of spermatogenetic impairment (SCOS -Sertoli cell only syndrome, MA -maturation arrest). Surgical specimens of a total 15 samples with testicular germ cell tumors were additionally investigated. The tissue sections were stained with hematoxilin/eosin for histopathological evaluation. All tissue samples were subjected to rapid freezing in cooled iso-pentane and then stored in liquid nitrogen until use.
Peripheral blood leukocytes isolation
Peripheral blood samples were obtained from healthy, male volunteers (n ¼ 10) and mononuclear leukocytes were separated on Histopaque (Sigma) gradient (1.077 g/ml).
RNA extraction and cDNA synthesis
Total RNA from testicular cell fractions and leukocytes was isolated as described previously following the method of Chomczynski and Sacchi. 37 Tissue specimens were homogenized in LN 2 and total RNA was isolated using Trizol Reagent (Invitrogen, Paisley, UK). Quality and quantity of isolated nucleic acids were next evaluated. Target RNA (3 mg) was reversely transcribed with Super Script (Invitrogen) reverse transcriptase enzyme and oligo(dT) 15 primer.
Real-time PCR
To evaluate the level of IL-1 gene family expression, realtime PCR with SYBR Green dye was applied. The iCycler (BioRad, Herules, CA, USA) equipment for reaction monitoring was used.
The PCR standards for each investigated gene consisted of known number of purified PCR products prepared as described previously. 38 Briefly, the product was purified by using gel electrophoresis and agarose gel nebulization with subsequent filtration (Millipore, Billerica, MA, USA). The calculation of the number of cDNA copies/ml was based on OD 260/280 measurements according to the following formula: cDNA copies=ml ¼ 6:023Â10 23 ÂCÂOD 260 MWt where C ¼ 5 Â 10 À5 g/ml and MWt ¼ molecular weight of PCR product.
Then, the serial dilutions of standard were prepared (10 2 -10 6 copies/ml) and stored in 201C until use. The primer sequences, together with amplicon size for cDNA amplification, were listed in Table 1 (including b-actin sequence as standard reference).
The SYBR Green real-time PCR reaction was performed in 25 ml final volume using 96-well plates. The reaction mixture contained 12.5 ml SyberGreenSuperMix (Biorad), 10 pM of each primer (forward and reverse) and 0.5 ml cDNA or determined copy number of PCR Interleukin-1 superfamily genes expression N Rozwadowska et al standard (10 2 -10 6 ). All samples were run in duplicate. The thermal protocol was as follows: 1 min 951C, followed by 50 cycles (20 s at 951C -denaturation, 20 s at 601C -annealing and 20 s at 721C -elongation -when the signal was acquired). A melting curve of PCR products (60-961C) was performed to ensure the absence of artifacts. To calculate normalized gene expression levels, b-actin gene expression was applied. Each sample was normalized on the basis of its b-actin content according to the formula Samples were subjected to further analysis when the b-actin expression level was greater than 10 5 copies per sample.
Statistical analysis
Statistical analysis was performed using the KruskalWallis test for non-parametric analysis of variances in order to compare among the test values obtained in different analyzed groups of samples.
